A variety of epidemiological and genetic studies have revealed that disturbances of circadian rhythms can be directly linked to the risk of cancer development [1, 2] . This is because cell cycle regulators, which are essential for cell proliferation and at the same time closely associated with tumor production, are under the control of the circadian clock. Interestingly, in the case of rapidly dividing cells, such as tumor cells or stem cells, the expression of the biological clock genes is significantly suppressed. This early study results have raised the possibility that the activation of the circadian biological clock plays a key role in tumor production and its treatment.
INTRODUCTION
can be minimized at the specific time of day. In experiments in mice, Lévi [3] has shown that the tolerability and effectiveness of chemotherapy varies at different times of the day and night. By using mathematical models he can predict the optimal time at which to give an animal a drug to maximise its effectiveness and tolerability. This concept of the timing administration of the anticancer drug is a representative example of chronotherapy that optimizes the therapeutic effect by using the inherent rhythm of human. In addition, cancer patients who had severe circadian rhythm disturbances showed a much better prognosis if treatment was combined with strategies to improve circadian rhythm such as strictly following the sleep-wake cycle during chemotherapy [4] .
Investigators realized that cancer was not the only disease likely to be affected by circadian rhythm while chronotherapy was gaining recognition in the oncology research field. Clinical trials revealed that it is necessary to consider the application of chronotherapy in order to achieve better clinical outcomes with fewer side effects of prednisolone for the treatment of inflammation and auto-immune diseases [5] . Cardiovascular events were also recognized early on to cycle throughout the day, as early study showed that most patients admitted for heart attacks tended to experience their symptoms in the morning [6] . They suggested that if the rhythmic processes that drive the circadian rhythm of myocardial-infarction onset can be identified, their modification may delay or prevent the occurrence of infarction. Recent studies found that the rate-limiting enzyme regulating the synthesis of cholesterol in rats was most active at night, for example [7] . Subsequent showed cholesterol-lowering drugs such as statins are most effective when taken at bedtime [8] . Accordingly, the FDA has long recommended taking such medications in the evening.
In the past when antidepressant-trials were done, time-of-day information was often not considered. It is very likely that treatment responses have not meet the criteria not because they did not work or the mechanisms were wrong, but simply because time of administration was not taken into account. Therefore, in the present study, we aimed to investigate the association of escitalopram dosing time with treatment response after 8-week of antidepressant treatment in a naturalistic setting in patients with major depressive disorder (MDD). We also investigated the potential effects of escitalopram dosing time on the changes in global depressive symptoms and insomnia severity after 8-week of antidepressant treatment in patients with MDD.
METHODS

Participants
In the present study, a total of 71 patients with MDD were recruited from the outpatient psychiatric clinic of Korea University Anam Hospital located in Seoul, Republic of Korea. As a naturalistic setting, the inclusion criteria were patients with MDD ranging from 18 to 65 years and taking escitalopram (5-30 mg) for 8-week antidepressant treatment. At baseline, two board-certified psychiatrists made a diagnosis of MDD using a structured clinical interview based on the Diagnostic and Statistical Manual of Mental Disorders, fourth edition, text revision Axis I disorders. The following exclusion criteria were applied: patients with 1) comorbid other major psychiatric disorders, 2) current psychotic symptoms, 3) high suicidal risk requiring inpatient treatment, 4) history of a unstable medical illness, 5) primary neurological disorders (e.g., Parkinson' s disease, cerebrovascular disease, epilepsy), 6) abnormal results on physical examination or laboratory tests, or 7) pregnancy. The protocols of this study were approved by the Institutional Review Board of Korea University Anam Hospital (No. 2016AN0213). All subjects gave written informed consent for their participation for the study with full understanding. All methods in the present study were performed in accordance with the approved guidelines and Declaration of Helsinki.
Group classification and medication
The patients were classified to the morning or evening/night group according to their morning or evening/night single dose of escitalopram (ranged from 5-30 mg) at the baseline. The patients in the morning group took their escitalopram 30 minutes after their breakfast, while those in the evening/night group took their escitalopram 30 minutes after their dinner, at 9 PM, or before sleep at night. We confirmed that the dosage and the time of Table 1 .
Depressive symptoms evaluation
The board-certified psychiatrists assessed the severity of depressive symptoms of all patients using the 17-item Hamilton Depression Rating Scale (HDRS) at the baseline and 8-week after the antidepressant treatment [9] . The treatment response of the 8-week antidepressant treatment was defined as 50% or more reduction of the HDRS score at 8-week compared to the baseline. The severity of insomnia was assessed by the sum of scores of the item 4 (difficulty in sleep initiation), item 5 (difficulty in sleep maintenance), and item 6 (early morning awakening) of the HDRS. The duration of illness was assessed using the life chart method.
Statistical analyses
The association between the escitalopram dosing time (i.e., morning vs. evening/night group) and treatment response was analyzed using the logistic regression analysis including age, sex, duration of illness (months), dosage of escitalopram (mg), the number of combination/augmentation (coded as 0-2), and the number of sedative drugs (coded as 0-2) as covariates. For the investigation of the difference of the reduction (%) of total HDRS score and insomnia-related subscale score after the 8-week of antidepressant treatment between the morning and evening/ night groups, an analysis of covariance (ANCOVA) was performed using the same covariates. The independent t-test was used to compare age, duration of illness, HDRS score (baseline, 8 week), and dosage of escitalopram (mg) between two groups. The chi-squared test was used to analyze differences in the distri-bution of sex, education level, treatment response, number of combination/augmentation treatment, and number of sedative drugs at night between two groups. All statistical analyses were performed using SPSS Statistics for Windows (version 24.0; IBM Corp., Armonk, NY, USA).
RESULTS
Demographic and clinical characteristics
Fifty-three patients with MDD were determined as the Morning group, while, eighteen patients were determined as the Evening/Night group in the present sample according to their escitalopram dosing time (Table 1 ). We could not find any significant difference between two groups regarding age, sex, education level, illness duration, HDRS scores at the baseline and 8 weeks, treatment response, the numbers of combination/augmentation treatment or those with sedative drugs at night, and dosage (mg) of escitalopram (all, p>0.05) ( Table 1 ). The detailed information about the demographic and clinical characteristics of the sample are presented in Table 1 .
Association of escitalopram dosing time with response after 8-week escitalopram treatment
As a main analysis, we investigated the association between the escitalopram dosing time and treatment response after 8-week escitalopram treatment. In the analysis, patients in the Morning group did not show any significant difference in likelihood to achieve treatment response at the 8 weeks compared to those in the Evening/Night group (adjusted odds ratio=1.458, 95% confidence interval=0.485-4.643, p>0.1) ( Table 2 ).
Difference of HDRS-17 score reduction during 8-week escitalopram treatment between Morning and Evening/ Night dosing group
We also compared the reduction percentage of total HDRS score and insomnia-related subscale score in HDRS after the 8-week treatment between two groups using the ANCOVA. The reduction percentage was calculated as follows: (score at baseline-score at 8 weeks)/(score at baseline)×100. In the analysis, we could not find any significant difference in the reduction of the total HDRS score (Morning=37.01±31.32%, Evening/Night =46.66±23.26%, p>0.1) ( Table 3 ) and insomnia-related subscale score (Morning=23.18±133.25%, Evening/Night=37.41±56.78%, p>0.1) ( Table 3) .
DISCUSSION
In the present study, we explored the association between escitalopram dosing time (morning vs. evening or night) and treatment response after 8-week of escitalopram treatment using the sample of patients with MDD in a naturalistic setting. However, we could not find any association between them. We also could not find any significant difference of the changes in global depressive symptoms (i.e., total HDRS score) and insomnia severity (i.e., insomnia-related subscale score) between the Morning and Evening/Night group. Escitalopram is the most recently developed selective serotonin reuptake inhibitor (SSRI) and is used widely for the treatment of patients with MDD [10] . The monoamine hypothesis of depression explains the cause and pathophysiology of depression as an altered function of monoamine neurotransmitters in the brain [11] . Consistent with this hypothesis, people who are vulnerable to depression are known to have a weak serotonin system [12] . Such evidences suggested that increased turn-over of serotonin in depressed patients resulted in depletion of serotonin within synapses, resulting in upregulation or down regulation of 5-HT receptors [13] . SSRIs administration is assumed to modulate the altered serotonin system and it can lead to improvement in depressive symptoms.
At the level of neurotransmission, the serotonin system has attracted particular interest in relation to the regulation of circadian rhythms [14] . Serotonin is an indoleamine known as the precursor to melatonin. In rodents, brain serotonin levels change across the day, entrained to light onset and offset [15, 16] . Early post-mortem studies have demonstrated a marked seasonal as well as circadian variation of serotonin concentration in several brain regions [17] . Moreover, molecular imaging studies have reported seasonal changes in the serotonin system [18] .
Evidence suggests that failing to achieve full remission in depression significantly impairs patient functioning and increases the risk of relapse [19] . Since depression is among the most disabling and costly disorders, achieving and sustaining remission is of particular concern to clinicians [20]. Therefore, it is important for patients suffering from depression not just to have their symptoms improved but also to achieve genuine well-being. Although we did not find any association between dosing time of antidepressant and treatment response, dosing time is a crucial aspect of precision medicine which aims to find the right drug for the right patient at the right dose. However, the discussion regarding precision medicine is almost entirely focused on genetic precision until now. Because several lines of evidence suggest that serotonin system has the circadian rhythm as described above, dosing time may play a role in the therapeutic effects of antidepressant.
There are some limitations in the present study. Firstly, the relatively small sample size limits the generalizability of our results. The data presented above need to be confirmed with a much larger sample size. Secondly, there was a significant difference in the concomitant drugs. They were included as a covariate (coded as 0-2) when analyzing the association. However, differences in these concomitant drugs, especially sedatives, may have an effect on the result. Combination or antianxiety medication could compensate the insufficient effect of antidepressant. Further studies with larger samples and controlling the effect of concomitant medication are therefore warranted.
In conclusion, although we did not find any significant association between escitalopram dosing time and treatment response, there is no doubt about an importance of timely dosing. Further researches with larger size sample and various antidepressants are needed. 1 Logistic regression analysis was performed including age, sex, duration of illness (months), dosage of escitalopram (mg), combination/augmentation, and sedative drugs as covariates. Combination/augmentation: number of combination or augmentation drugs on escitalopram treatment (coded as 0-2). Sedative drugs: number of sedative drugs prescribed at night (coded as 0-2). aOR: adjusted odds ratio, CI: confidence interval Analysis of covariance was performed including age, sex, duration of illness (months), dosage of escitalopram (mg), combination/augmentation, and sedative drugs as covariates. Combination/augmentation: number of combination or augmentation drugs on escitalopram treatment (coded as 0-2). Sedative drugs: number of sedative drugs prescribed at night (coded as 0-2). HDRS-17: the 17-item Hamilton Depression Rating Scale
